Abstract.-Static polarization echoes with long time storage in metal powders placed in steady magnetic field have been studied. The echo amplitudes were found to be unstable when the surrounding He gas pressures were less than 10 Pa, whereas they were stabilized by introducing a small amountofHe gas of 2 100 Pa at 4.2 K. The phenomenon can be understood if the process involves the macroscopic reorientation of individual particles and if the mechanical rotation of the individual particles is stabilized by the increase in interparticle friction due to the presence of He gas molecules on the particles. A particular base axis of the rotation is proposed to be specified by an anisotropic magnetic dipole caused by electric currents associated with the mechanical oscillation of particles.
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STATIC POLARIZATION ECHOES IN METAL POWDERS
F. ~suruoka* and K. Kaj imura
EZectrotechnicaZ Luboratory, Sakura-ma, Ibaraki 305, Japan
Abstract.-Static polarization echoes with long time storage in metal powders placed in steady magnetic field have been studied. The echo amplitudes were found to be unstable when the surrounding He gas pressures were less than 10 Pa, whereas they were stabilized by introducing a small amountofHe gas of 2 100 Pa at 4.2 K. The phenomenon can be understood if the process involves the macroscopic reorientation of individual particles and if the mechanical rotation of the individual particles is stabilized by the increase in interparticle friction due to the presence of He gas molecules on the particles. A particular base axis of the rotation is proposed to be specified by an anisotropic magnetic dipole caused by electric currents associated with the mechanical oscillation of particles. superconducting powderofv Si which suggest mechanical reorientation of individual 3 particles. We also propose that a particular base axis for the torque rotation can be specified by the anisotropic magnetic dipole caused by the electric current associated with the acoustic oscillations of the particles. He gas pressures less than 10 Pa e3 was unstable in a sense that the integration by the two-pulse sequence and the destruction by the third-pulse sequence occurred irregularly in time. Actually, when a third probing pulse was applied after turning off the repetitive two-pulse sequence, e3 died out immediately. Above 100 Pa integration of e3 to its saturation was observed although the integration rate was very low. The storage was able to be read out nondestructively by the third-pulse sequence after turning off the two-pulse sequence and erased only when the surrounding gas pressure was reduced and an rf pulse was applied.
3. Discussion.-In the presence of surrounding gases the oscillation energyistransferred from a particle to them through its surface and consequently the oscillation amplitude is damped as has been investigated in the study of dynamic echoes.'96 When the surrounding gas is pumped out toavacuum, the oscillation amplitude becomes large enoughforparticles jumping around their unstable sitting positions, resulting in irreversible disturbance of the stored pattern. When He gas is introduced, both the damping of oscillation, r, and the interparticle friction against the mechanical rotation, ra, in the torque-rotation model increase. The measured increase in r was at most 50 % when the He pressure was increased from to 10' The striking effect of the presence of surrounding gases on the static echoes comes from the sudden increase in r , which prevents the irreversible disturbances of the stored pattern. In fact the integration rate became much lower than that expected from only the increase in r. It is noted that the effect of surrounding gases takes place outside the metal powders but not inside the particles similar in nature to holographic processese or dislocation motions.
We propose that the anisotropic dipole moment is caused by the electric current flowing around the metal surface associated with mechanical oscillation of individual particles along the direction to which the resonance condition is met. The base axis of the magnetic dipole for the mechanical rotation, therefore, originates from the geometric and elastic anisotropy of irregularly shaped powder particles. The
C6-866 JOURNAL DE PHYSIQUE mechanical o s c i l l a t i o n i s e x c i t e d by L o r e n t z f o r c e a c t i n g on c o n d u c t i o n e l e c t r o n s and p o s i t i v e i o n s due t o t h e r f and s t e a d y magnetic f i e l d a s w a s i n v e s t i g a t e d e a r l i e r
by M e r e d i t h e t a l . l o T h i s mechanism was a p p l i e d t o powders by t h e p r e s e n t author^.^ An e l e c t r i c c u r r e n t i s induced a t t h e s u r f a c e of a n o s c i l l a t i n g p a r t i c l e placed i n t h e s t e a d y m a g n e t i c f i e l d due t o t h e a c o u s t o e l e c t r o m a g n e t i c r e s p o n s e of e l e c t r o n s and i o n s i n t h e d i r e c t i o n normal t o b o t h t h e s u r f a c e and t h e d i r e c t i o n of p r o j e c t i o n of t h e r f m a g n e t i c f i e l d on t h e m e t a l s u r f a c e . The induced c u r r e n t t h e n c a u s e s a magnetic d i p o l e moment a l o n g t h e l a t t e r d i r e c t i o n . The t h e o r e t i c a l c a l c u l a t i o n based on t h e t o r q u e -r o t a t i o n model1 w i t h t h e above mentioned d i p o l e moment g i v e s a r e s u l t i n s a t i s f a c t o r y agreement w i t h t h e e x p e r i m e n t a l r e s u l t s on t h e dependences of t h e s t a t i c echo a m p l i t u d e , e3, on t h e r f p u l s e a m p l i t u d e s and t h e s t r e n g t h of t h e s t e a d y m a g n e t i c f i e l d . '
I n c o n c l u s i o n we found t h a t s u r r o u n d i n g He g a s s t r o n g l y a f f e c t
e d t h e s t a b i l i t y of t h e s t a t i c echoes a t 4.2 K. Based on t h i s experiment we conclude t h a t t h e s t a t i c echoes i n m e t a l powders a r e understood by t h e t o r q u e -r o t a t i o n model i n which t h e b a s e a x i s f o r r o t a t i o n is s p e c i f i e d t o be a l o n g t h e a n i s o t r o p i c d i p o l e moment caused by t h e e l e c t r i c c u r r e n t a s s o c i a t e d w i t h t h e m e c h a n i c a l v i b r a t i o n o f i n d i v i d u a l p a r t i c l e s . The a u t h o r s would l i k e t o acknowledge P r o f e s s o r T. Fukase f o r h i s s u p p l y w i t h V S i samples. One of t h e a u t h o r s (FT) i s g r a t e f u l l y i n d e b t e d t o Dr. T. I s h i g u r o and 3 P r o f e s s o r Y. H i k i f o r t h e i r g i v i n g him a n o p p o r t u n i t y t o s t a y a t E l e c t r o t e c h n i c a l
L a b o r a t o r y .
